Transcripts originating from the SV4O late promoter of pSV2-neo or pSV2-cat contain pBR322 sequences and are polyadenylated at the SV40 late poly ( 
INTRODUCTION
pSVN-3 is a variant of pSV2-neo in which a 66 bp fragment between the SV40 early and late poly(A) sites has been deleted and replaced with a 20 bp oligonucleotide that contains an AAUAAA (1). This deletion removes the two AAUAAA's that precede the SV40 early poly(A) site and the AAUAAA that precedes the SV40 late poly{A) site. Insertion of the oligonucleotide containing an AAUAAA in the early orientation regenerates the early orientation poly(A) signal, but the late orientation signal remains defective (Fig. 1) .
SI nuclease mapping of late orientation transcripts from pSVN-3 detected a polyadenylation site in the pBR322 portion of the transcript. No polyadenylation at this site was detected when late orientation transcripts from pSV2-neo were analyzed, even though the nucleotide sequence of pSVN-3 and pSV2-neo is identical in this region. The experiments described in this report were performed to characterize the polyadenylation site in the pBR322 sequence. Figure 1 . Maps of pSV2-neo and pSVN-3: Sequences are derived from SV40 (open boxes), the neo gene of Tn~5 (closed boxes), pBK322 (solid line) and oligonucleotides (small cross-hatched box). Transcripts that initiate from the early or late promoters are spliced (dotted line) and polyadenylated as indicated. pSVN-3 contains a regenerated SV40 early poly(A) signal, but lacks an SV40 late poly(A) signal (1) . The arrow points to the location of the cryptic poly(A) site that is described in the text.
MATERIALS AND METHODS Piasmids: pSV2-neo was constructed by Southern and Berg (2), pSVN-3 by Kessler et al. (1), and pSV2-cat by Gorman and Howard (3). To construct the 1634
plasmid, the 1428 bp EcoRI-Aval fragment of pBR322 (4) containing the tetracycline resistance gene, was inserted between the EcoRI and BamHI sites of pSV2-cat. The 1913 plasmid was constructed in the same way, except the pBR322 fragment was inserted between the EcoRI and Apal sites of pSV2-cat. In these constructions, the Aval, BamHI and Apal ends were blunted by treatment with Klenow DNA polymerase.
After transformation of E. coli RRI, colonies were screened for resistance to tetracycline and the plasmids identified by restriction mapping. The structures of the 1634 and 1913 plasmids are outlined in Fig. 4 .
Deletion of portions of the SV40 late poiy(A) signal: Hpal-digested pSV2-neo DNA was treated with nuclease Bal-31, the ends made blunt with Klenow DNA polymerase, ligated in the presence of Xhol linkers (CCTCGAGG, Bethesda Research Laboratory), and used to transform E. coli RRI (5). Colonies were screened by restriction mapping and DNA sequencing (6) . To create one-way deletions, the XhoI-EcoRI fragment from each chosen deletion was exchanged with the XhoI-EcoRI fragment of pSV2-neo that was modified by the addition of a Xhol linker at the Hpal site.
COS cell transfections and RNA analyses: COS cells (7) were transfected with the plasmids described above using DEAE dextran (8) . Total cellular RNA was isolated 48 hours after transfection and analyzed by SI nuclease mapping with 3' end-labeled UNA probes. These procedures were performed as described previously (1, 9) .
Poly(A) + and poly(A)-RNA were separated by poly(U) sepharose chromatography (10) .
RESULTS
Identification and characterization of the pBR322 poly(A) site SI nuclease mapping experiments were done to characterize the polyadenylation of late orientation transcripts from pSV2-neo and pSVN-3. Mapping pSV2-neo transcripts with a 3' labeled Xmnl-Rsal fragment from pSV2-neo, resulted in the appearance of a 1287 nucleotide band that fractionated as poly(A) + RNA and maps to the region of the SV4U late poly(A) site ( Fig. 2A, lanes 1-4) . ones that are polyadenylated at the pBR322 site only after circumventing the full length of the plasmid.
Because of possible differences in RNA stabilities, the intensities of the 321 and 1213 nucleotide bands in Fig. 2A cannot be directly compared. However, detection of a large fraction of pSVN-3 transcripts that failed to be processed at the pBR322 site and lack of detection of pSV2-neo transcripts that failed to be processed at the SV40 late site, suggest that the pBR322 polyadenylation signal is considerably less efficient that the SV40 late signal. Factors influencing the selection of the pBR322 poiy(A) site
In pSV2-neo transcripts, polyadenylation at the pBR322 site is undetectable ( Fig. 2A, lanes 1-4; Fig. 2B , lane 1). As described above, the major difference between pSV2-neo and pSVN-3 is the presence in pSV2-neo of a functional SV40(L) poly(A) signal. To determine if pSV2-neo sequences might inhibit polyadenylation at the pBR322 site of pSVN-3, RNA was analyzed from cells that had been co-transfected with equimolar amounts of pSVN-3 and pSV2-neo. As shown in Fig. 2B, lane 3 , both the 267 and 345 nucleotide bands were observed. Polyadenylation at the pBR322 site therefore is not prevented when pSV2-neo is present jn_ trans. Sequences in the region of the SV40 late poly(A) signal appear to be acting in cis to prevent utilization of the pBR322 poly(A) site in late orientation transcripts from pSV2-neo.
Since utilization of the poly(A) site in pBR322 sequence appears to be prevented from being utilized by cis-acting sequences, the nucleotide sequence and distance between the pBR322 and SV40 late poly(A)sites was varied. In pSV2-cat and pSV2-neo, the SV40(L) poly(A) site is located 966 nucleotides downstream from the pBR322 poly(A) site. Late orientation transcripts from pSV2-cat, like those from pSV2-neo, are not polyadenylated at the pBR322 poly(A) site (Fig. 4,  lane 1) . Increasing the distance between the pBR322 and SV40(L) poly(A) sites to 1634 and 1913 by insertion of sequences from the tetracycline resistance gene failed to cause the pBR322 poly(A) site to be utilized (Fig. 4, lanes 2  and 3) . Similarly, the pBR322 site was not utilized when the distance between it and the SV40(L) site was decreased to 216 nucleotides by deletion of the BamHI-EcoRI fragment from pSV2-neo (data not shown). Therefore, the pBR322 poly(A) signal remains inactive even though the nucleotide sequence and the distance between it and the SV40(L) poly(A) signal is varied considerably.
Small deletions in the SV40(L) signal of pSV2-neo were analyzed to test whether the functional state of the SV40(L) poly(A) site, in contrast to its absence, influences the utilization of the pBR322 poly(A) site. Bal-31 deletions were constructed from the unique Hpal site of pSV2-neo, which is located 6 bases downstream from the AAUAAA and 7 bases upstream from the late site of cleavage/polyadenylation. Constructs in which deletions ended 7, 8 or 13 bases upstream from the Hpal site were chosen for analysis. The pBR322 poly(A) site was utilized in RNAs transcribed from all three deletions (Fig. 5B, lanes 4-6) , as evidenced by the 267 nucleotide band.
In each case, the ratio of read-through to polyadenylated RNAs was approximately 1:1. The efficiency of utilization of the pBR322 poly(A) site in transcripts from these deletions therefore appears to be comparable to that of transcripts from pSVN-3. The mechanism by which this interference occurs is not known. It appears, however, to be related to the relative strengths of the two poly(A) signals.
Read-through past the SV40(L) poly(A) site was not detected but read-through past the pBR322 poly(A) site was considerable ( Fig. 2A) . cell-specific trans-acting factors appear to be involved in the selection process (27) . Exclusive selection of a downstream poly(A) site in a non-regulated cell system has also been observed previously. When the SV4O early poly(A) signal was placed downstream from the rat preproinsulin poly(A) signals and tested in COS cells, the SV40 early site was selected exclusively (16) . In this case, and in the case described in this report, the lack of detection of even a small amount of processing at the upstream site is puzzling. We suspect that it relates to a particularly large difference in efficiency between the two competing poly(A) signals.
The lack of utilization of the pBR322 polyadenylation site in pSV2-neo transcripts suggests that pre-mRNAs can be cleaved and polyadenylated only once. Otherwise, the RNAs cleaved at the SV40 late site should get cleaved again and polyadenylated at the upstream site, even if cleavage at the second site is less efficient. The mechanism by which this restriction occurs is not known. One possibility is that cleavage or the presence of a poly(A) tail, perhaps via the poly(A) binding protein, may sufficiently alter the structure of the pre-mRNA or the ribonucleoprotein complex to prevent other poly(A) signals from being recognized. A second possibility is that polyadenylated RNAs may be rapidly moved to a location, perhaps even within the nucleus, that lacks factors required for further cleavage/polyadenylation. Experiments on the selection of poly(A) sites in vitro should reveal insightsinto the validity of some of these possibilities.
The poly(A) signal described in this report is the second poly(A) signal that has been found in the pBR322 portion of pSV2-neo. The other site is located at nucleotide 200 ± 2 (28) (29) (30) . It functions in early orientation transcripts, but is detectable only when the upstream SV40(E) poly(A) signal has been deleted or altered. Polyadenylation at this site is relatively inefficient, occurring downstream from a cluster of variant hexanucleotides. The presence of multiple cryptic polyadenylation sites in pBR322 sequence suggests that the structural requirements for polyadenylation are highly flexible.
